So far, roughly 40 quasars with redshifts greater than z = 6 have been discovered 1;2;3;4;5;6;7;8 . Each quasar contains a black hole with a mass of about one billion solar masses ( 10 9 M ⊙ ) 2;6;7;9;10;11;12;13 .
So far, roughly 40 quasars with redshifts greater than z = 6 have been discovered 1;2;3;4;5;6;7;8 . Each quasar contains a black hole with a mass of about one billion solar masses ( 10 9 M ⊙ ) 2;6;7;9;10;11;12;13 .
The existence of such black holes when the Universe was less than 1 billion years old presents substantial challenges to theories of the formation and growth of black holes and the coevolution of black holes and galaxies 14 . Here we report the discovery of an ultra-luminous quasar, SDSS J010013.02+280225.8, at redshift z = 6.30. It has an optical and near-infrared luminosity a few times greater than those of previously known z > 6 quasars. On the basis of the deep absorption trough 15 on the blue side of the Ly α emission line in the spectrum, we estimate the proper size of the ionized proximity zone associated with the quasar to be 26 million light years, larger than found with other z > 6.1 quasars with lower luminosities 16 . We estimate (on the basis of a near-infrared spectrum) that the black hole has a mass of ∼ 1.2 × 10 10 M ⊙ , which is consistent with the 1.3 × 10 10 M ⊙ derived by assuming an Eddington-limited accretion rate.
High redshift quasars have been efficiently selected using a combination of optical and near-infrared colours 3;4 .
We have carried out a systematic survey of quasars at z > 5 using photometry from the Sloan Digital Sky Survey (SDSS) 17 , the two Micron All Sky Survey (2MASS) 18 and the Wide-field Infrared Survey Explorer (WISE) 19 , resulting in the discovery of a significant population of luminous high redshift quasars. SDSS J010013.02+280225.8
(hereafter J0100+2802), was selected as a high-redshift quasar candidate due to its red optical colour (with SDSS AB magnitudes i AB = 20.84 ± 0.06 and z AB = 18.33 ± 0.03) and a photometric redshift of z ≃ 6. but was assigned to low priority earlier because of its relatively red z AB − J colour and its bright apparent magnitudes. It is undetected in both radio and X-ray bands by the wide-area, shallow survey instruments.
Initial optical spectroscopy on J0100+2802 was carried out on 29 December, 2013 with the Lijiang 2.4-m telescope in China. The low resolution spectrum clearly shows a sharp break at about 8,800Å, consistent with a quasar at a redshift beyond 6.2. Two subsequent optical spectroscopic observations were conducted on 9 and 24 January 2014 respectively with the 6.5-m Multiple Mirror Telescope (MMT) and the twin 8.4-m mirror Large Binocular Telescope (LBT) in the USA. The Lyα (Lyα) line shown in the spectra confirms that J0100+2802 is a quasar at redshift of 6.30±0.01 (see Fig. 1 and Methods for details).
We use the multiwavelength photometry to estimate the optical luminosity at rest-frame 3,000Å(L 3000 ), which is consistent with that obtained from K-band spectroscopy (see below 3).
The equivalent width (EW) of the Lyα+ N V emission lines as measured from the LBT spectrum is roughly 10Å, suggesting that J0100+2802 is probably a weak-line quasar (WLQ) 22 . WLQ fraction is higher among the z ≃ 6 quasars compared to that at lower redshift 8 , and a high detection rate of strong millimeter dust continuum in z∼6 WLQs points to active star formation in these objects 23 . Given its extreme luminosity, J0100+2802 will be helpful in the study of the evolutionary stage of WLQs by future (sub)millimeter observations, though the origin of the weak UV emission line feature of WLQs is still uncertain.
The LBT spectrum of J0100+2802 ( we estimate its black hole mass to be (1.24 ± 0.19) × 10 10 M ⊙ (M ⊙ . The uncertainty of black hole mass does not include the systematic uncertainty of virial black hole mass estimation, which could be up to a factor of three 27 .
Assuming that this quasar is accreting at Eddington accretion rate and the bolometric luminosity is close to the Eddington Luminosity (L Edd = 1.3 × 10 38 (M/M ⊙ )), similar to other z > 6 quasars 11 , leads to a black hole mass of 1.3 × 10 10 M ⊙ for J0100+2802. Therefore, our observations strongly indicate that J0100+2802 harbors a black hole of mass about 1.2 × 10 10 M ⊙ , the first such system known at z > 6, though black holes of such a size have been found in local giant elliptical galaxies 28 and low-redshift quasars 21 .
Although gravitational lensing is a possible explanation for its high luminosity, we do not expect a large J0100+2802 is the only quasar with a bolometric luminosity higher than 10 48 ergs s −1 and a black hole mass larger than 5 × 10 9 M ⊙ at z ≥ 6. It is also close to being the most luminous quasar with the most massive black hole at any redshift (Fig. 4) . The discovery of this ultra-luminous quasar with the entire SDSS footprint
2 ) is broadly consistent with the extrapolation of SDSS z ≃ 6 quasar luminosity function 16 .
The number density of such objects would set strong constraints on the early growth of supermassive black hole and the evolution of high-redshift quasar black-hole mass function 5;11 . In addition to ULAS J1120+0641 with a 2 × 10 9 M ⊙ black hole 6;13 at z = 7.085 and a recently discovered z = 6.889 quasar witha black hole of 2.1 × 10 9 M ⊙ 13 , J0100+2802 with a 1.2 × 10 10 M ⊙ black hole at z = 6.30 presents the next most significant 4 challenge to the Eddington-limited growth of black holes in the early Universe 11;14 . Its existence also strengthens the claim that supermassive black holes in the early Universe probably grew much more quickly than their host galaxies, as argued from a molecular gas study of z ≃ 6 quasars 30 , Therefore, as the most luminous quasar known to date at z > 6, J0100+2802 will be a unique resource for the future study of the mass assembly and galaxy formation around the most massive black holes at the end of the epoch of cosmic reionization 16 .
Structures (grant no. XDB09000000), National Astronomical Observatories,Chinese Academy ofSciences, and The near-infrared K-band spectroscopy on J0100+2802 was carried out with LBT/LUCI-1 on 2 January 2014.
Due to the short exposure time (15 minutes), the spectrum is of modest signal-to-noise ratio (S/N). Although the Mg II line was clearly detected, the noisy LBT spectrum did not allow us to accurately measure the line width.
To improve the quality of near-infrared spectrum, we presented J,H,K-band spectroscopy with Gemini/GNIRS and Magellan/FIRE on 6 August and 7 October 2014, respectively. The exposure time was 3,600s for GNIRS and 3635s for FIRE. The FIRE spectrum has higher S/N (about 30 in K-band) and higher spectral resolution (R=λ/∆λ ∼ 6,000) than the GNIRS spectrum (with S/N of about 10 in K-band and R∼ 1,800). In order to achieve the best spectral quality, we combined both the FIRE and GNIRS spectrum, and scaled the combined spectrum according to its 2MASS J,H,K s -band magnitudes. The Mg II line shown in K-band spectrum gives the same redshift as that given by the Lyα line in the optical spectrum. The high-quality J,H,K-band spectra also clearly display abundant absorption features, which have been identified to be from intervening or associated systems with redshifts from 2.33 to 6.14 (see Extended Data Fig. 4 ).
After redshift and Galactic extinction corrections, the rest-frame H and K-band spectrum is decomposed into a pseudo-continuum and the Mg II emission line. The pseudo-continuum consists of a power-law continuum and Therefore, the effect of considering Balmer continuum is insignificant for the black hole mass measurement of J0100+2802. In addition, if we adopt a different virial black hole mass scaling relation 34 , the black hole mass will change to (1.07 ± 0.14) × 10 10 M ⊙ , which is still well consistent with the result we obtained above. 
